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1.  Abstract 

The  purpose  of  this  project  is  to  develop  a  novel,  highly  versatile,  multi-functional 
convergence  nanoparticle  system  for  their  advanced  biomedical  applications.  Inorganic 
nanoparticles  are  now  emerging  as  a  promising  candidate  to  revolutionize  current 
science  and  technology.  By  utilizing  inorganic  nanoparticles,  it  is  possible  to  have  the 
ability  to  control  physical/chemical  properties  of  materials  as  we  desire,  which  is  no 
allowed  incurrent  technology.  Furthermore,  these  inorganic  nanoparticles  exhibit 
improved  physical/chemical  properties,  compared  to  classical  bulk  materials.  Such 
enhanced  properties  of  inorganic  nanoparticles  make  them  useful  as  key  components  for 
futuristic  nanodevice  applications  although  there  have  been  remarkable  progresses  in 
the  synthesis  of  inorganic  nanoparticles  during  the  past  decade,  currently  developed 
nanoparticles  possess  only  simple  and  basic  functions  and  therefore  have  difficulties  to 
be  utilized  in  advanced  applications.  To  develop  multi-functional  convergence 
nanoparticles,  we  planed  three-year  research  project.  As  the  first  stage,  in  this  year,  we 
fabricated  prototype  convergence  nanoparticles  and  we  first  studied  multi-functionality 
of  magnetic  nanoparticle,  MR  (magnetic  resonance)  contrast  effect  and  heat  generation 
ability.  Based  on  the  magnetic  nanoparticle,  we  synthesized  prototyped  convergence 
nanoparticles  by  conjugating  with  optical  component  and  radioisotope.  Then,  we  have 
accomplished  feasibility  test  on  the  biological  system  such  as  Amyloid  (1  aggregation 
and  lymph  node  detection. 
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2.  Introduction 

Inorganic  nanoparticles  with  unique  quantum  mechanical  properties  have  the 
potential  to  revolutionize  current  classical  mechanics-based  science  and  industry.  By 
utilizing  inorganic  nanoparticles,  it  is  possible  to  have  the  ability  to  control 
physical/chemical  properties  of  materials  as  we  desire,  which  is  not  allowed  in  current 
technology.  Furthermore,  these  inorganic  nanoparticles  exhibit  improved  optical, 
magnetic,  and  electronic  properties,  compared  to  classical  bulk  materials.  When  these 
tiny  materials  get  into  biological  system,  their  exceptionally  enhanced  properties 
arising  from  such  nanoscale  properties  can  enable  them  to  be  utilized  as  key  probes 
and  vectors  for  next-generation  ultra-sensitive  detection  and  highly  efficient 
therapeutic  systems.  During  past  few  years,  researches  on  this  field  have  been 
explosively  carried  out  and  some  of  successful  studies  have  shown  such  possibilities  in 
part.  However,  despite  such  remarkable  progresses  in  bio-medical  applications  of 
inorganic  nanoparticles,  currently  developed  nanoparticles  possess  only  simple  and 
basic  functions  and  therefore  have  difficulties  to  be  utilized  in  advanced  applications. 
For  the  successes  in  the  next-generation  nanotechnology-based  bio-medical 
applications,  it  is  necessary  prerequisite  to  secure  advanced  inorganic  nanoparticle 
systems. 

For  that  reason,  we  proposed  a  novel,  highly  versatile,  multi-functional 
convergence  nanoparticle  system  for  their  advanced  biomedical  applications  (Scheme 
1).  We  fabricated  prototype  convergence  nanoparticles  by  integrating  individual 
nanoparticle  components  with  its  unique  function  into  a  single  nanosystem. 


Scheme  1.  Convergence  nanoparticle  systems. 
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3.  Approach 

1)  Approach 

A.  Fabrication  of  magnetic  nanoparticles  for  simultaneous  diagnosis  and 
hyperthermia  treatments 

Magnetic  nanoparticles  have  novel  magnetic  properties  arising  from  nanoscale 
phenomena  which  allow  versatile  application  in  biological  fields.  For  example, 
magnetic  nanoparticles  have  been  widely  used  as  a  diagnostic  agent  for  MRI.  Besides 
their  usage  as  a  MRI  contrast  agent,  magnetic  nanoparticle  can  be  also  used  as  a  heat 
generator  for  hyperthermia.  Under  alternating  current  (AC)  magnetic  field,  the  electron 
spins  of  magnetic  nanoparticle  are  flipped  along  with  the  external  magnetic  field  change. 
During  this  process,  the  energy  difference  between  spin  states  generates  heat  which  can 
deteriorate  diseased  tissues. 

In  order  to  fabricate  high  quality  magnetic  nanoparticle,  we  have  been  developed  high 
temperature  molecular  precursor  method.  Among  the  various  magnetic  nanoparticles,  we 
focused  on  fabrication  of  MnFe2C>4  which  has  superior  magnetic  property  compared  to 
other  types  of  metal  ferrites. 


Figure  1.  Magnetic  nanoparticle  for  disease  diagnosis  and  therapy. 

B.  Fabrication  of  a  convergence  nanoparticle  system 
Convergence  nanoparticles  can  be  fabricated  through  1)  self-assembly  of  nanoparticles 
using  molecular  assemblers  or  2)  selective  secondary  nucleation  on  top  of  the  seed  nanoparticles. 
Since  the  chemical/biological  molecules  can  be  designed  and  synthesized  to  have  high 
symmetry  and  have  the  ability  of  self-recognition  and  assembly,  the  use  of  these  molecular 
assemblers  enables  the  systematic  construction  of  multi-component  convergence  nanoparticles. 
In  the  case  of  the  formation  of  convergence  nanoparticles  through  secondary  nucleation  on  the 
seed,  modulation  of  similarity  of  the  lattice  geometry  between  seeds  and  secondary  materials, 
affinity  between  two  materials  such  as  alloying,  electro  chemical  potential  differences,  activity 
of  a  specific  surface  and  catalytic  activity  is  important. 
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C.  Multi-modal  utilizations  of  convergence  nanoparticles 

The  multi-component  convergence  nanoparticle  system  can  enable  multimodal 
multiplexing  imaging  and  detection  of  biological  processes  by  conjugating  with  bio-active 
materials.  Conventional  detection  systems  are  operated  independently  and  each  detection 
system  has  own  advantages  and  disadvantages.  However,  convergence  nanoparticles  can 
overcome  the  many  shortcomings  that  are  present  for  single  imaging  modality  methods.  As  a 
model  case  study,  we  are  planning  to  utilize  magnetic-optical  convergence  nanoparticles  for  the 
dual-mode  detection  of  proteins  (amyloid  (3  protein)  or  lymph  node. 

2)  Uniqueness  of  approach 

Although  there  have  been  remarkable  progresses  on  the  bio-medical  applications  of 
nanoparticles,  currently  developed  techniques  have  been  limited  to  mono-functional  single 
component  system  and  the  realization  of  multi-modal  biomedical  applications  of  nanoparticles 
has  been  elusive.  Convergence  nanoparticle  possesses  i)  multi-functionalities  which  enables 
accurate  multi-modal  diagnosis  and  pin-pointing  therapy  and  have  potential  for  ii)  collective 
physical/chemical  properties  arising  from  synergistic  communications  between  nanoparticle 
components  and  highly  enhanced  properties.  With  developed  convergence  nanoparticle  system, 
it  is  possible  to  perform  not  only  multi-mode  detection  system  but  also  further  applications  such 
as  sensing,  information,  navigation,  and  actuation  in  a  single  nanosystem.  Therefore  it  can 
revolutionize  current  biomedical  sciences  and  techniques  including  biosensor,  cell  trafficking, 
and  cancer  diagnosis. 


3)  Research  contents 

The  1st  stage  (2007.03-2008.02):  Ability  study  of  proto-type  dual-mode  convergence 
nanoparticles  for  their  dual  mode  detection 

-  Fabrication  of  magnetic  nanoparticles  as  a  MR1  contrast  agent  and  heat 
generator 

-  Fabrication  of  proto-type  convergence  nanoparticle  via  combination  of  magnetic 
nanoparticle  and  fluorescent  dye 

-  MR1  and  optical  detection  of  amyloid  p  (Ap)  protein  by  utilizing  the  developed 
convergence  nanoparticles 

The  2nd  /3rd  stage  (2008-2009):  Convergence  nanoparticles  for  multi-modal  bio¬ 
medical  applications 
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4.  Results  and  discussion 

4-1.  Fabrication  of  magnetic  nanoparticles  for  simultaneous  diagnosis  and 
hyperthermia  treatments 

At  the  early  stage  of  this  project,  we  have  investigated  on  the  heat  generation 
efficiency  of  magnetic  nanoparticles,  which  make  possible  them  to  use  for  both  cancer 
diagnosis  and  therapy.  Among  the  various  nanoparticles,  MnFe204  (MnMEIO; 
manganese  doped  magnetism  engineered  iron  oxide),  which  previously  showed 
excellent  MR  contrasting  effect  ( Nature  Medicine  2007),  was  investigated. 

MnFe2C>4  are  synthesized  via  high  temperature  decomposition  of  MnCl2  and 
Fe(acac)3  (acac  =  2,4-pentadione)  in  the  presence  of  oleylamine  and  oleic  acid  as 
capping  molecules  following  known  methods.  Synthesized  nanoparticles  are  15  nm  and 
high  monodispersity  .  (Figure  2a) 

Synthesized  nanoparticles  (1  mg/ml  (Mn+Fe))  are  mixed  with  cancer  cell  (MCF7) 
and  heat  generation  efficacy  was  measured  with  the  cell  viability  under  the  AC 
magnetic  fields  (500kHz).  Live  cells  are  stained  with  Calcein-acetoxymethyl(AM) 
Assay  and  shown  as  green  color.  As  shown  in  figure  2,  MnMEIO  nanoparticle  shows 
significant  cancer  cell  killing  effect  with  the  AC  magnetic  field  irradiation  compared  to 
the  case  without  AC  magnetic  field. 


Figure  2.  (a)  TEM  image  of  synthesized  MnMEIO  nanoparticles.  When  synthesized 
nanoparticles  are  mixed  with  cancer  cells,  compared  to  cancer  cells  without  AC 
magnetic  field  (b),  cancer  cells  which  are  applied  AC  magnetic  Field  shows  significant 

4-2  Fabrication  of  convergence  nanoparticles  and  their  utilization  on  the 
detection  of  the  biological  events. 

4-2-1  Magnetic  nanoparticle  for  A(3  aggregation  detection 

In  next  stage,  we  fabricate  prototype  convergence  nanoparticles,  Co@Pt-Au,  through 
epitaxial  growth  on  the  seed. 

First,  Co@Pt  was  synthesized  following  the  previously  reported  method.  Then,  Au  is 
then  deposited  on  the  Co@Pt  nanoparticles  via  hydrogenation  of  AuCl(PPh3)  by 
purging  with  a  4%  H2/Ar  mixture.  The  Co@Pt-Au  nanoparticles  obtained  in  this 


manner  have  a  heterodimer  structure  composed  of  6  nm  Co@Pt  and  9  nm  Au. 
Synthesized  nanoparticles  show  both  superparamagnetic  properties  from  Co@Pt  and 
optical  properties  from  gold  component.  (Figure  3) 


Figure  3.  (a)  Schematics  and  (b)  TEM  images  of  synthesized  Co@Pt-Au.  The 
synthesized  nanoparticles  show  superparamagnetic  properties  (c)  and  have  red  color 
from  Au  component  (d). 


As  a  feasibility  test,  we  examined  A[1  assembly  detection.  For  that  purpose, 
nanoparticles  conjugated  with  neutravidins  (NTV)  which  can  successfully  recognize 
biotin  functionalized  Ap  assemblies.  Because  A[1  peptide  forms  various  assemblies 
from  oligomer  to  protofibril  and  to  fibril  as  their  concentration  increases,  assembled 
nanoparticles  due  to  A(3  aggregates  are  expected  to  show  increased  signal  compared  to 
free  nanoparticles.  In  the  T2  image  of  Co@Pt-Au  solution  with  various  concentration  of 
Ap4o  peptides  (0,  0.5,  1,  5,  10,  32,  80,  250  pM),  these  samples  showed  that  significant 
contrast  changes  take  place  from  none  to  dark  signal.  The  color  coded  images  of  T2 
weighted  signals  more  clearly  depict  the  changes  taking  place  as  the  Ap40  concentration 
increases.  Especially,  at  the  Ap  concentration  below  10  pM,  the  sharp  changes  on  AT2 
value  is  observed  compared  to  solutions  with  Ap40  concentration  upper  than  10  pM  at 
which  fibril  forms.  It  demonstrates  that  MRI  is  a  highly  sensitive  probe  for  detecting  the 
early  stages  of  Ap40  self-assembly  (protofibril). 
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Figure  4.  MR  signal  changes  depending  on  degree  of  Ap  assemblies.  MR  image 
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shows  gradual  changes  from  none  to  grey  and  to  black  and  color  coded  image  shows  the 
signal  changes  more  clearly. 

4-2-1  PET-MRI  dual-modal  nanoprobe  for  lymph  nodes  detection 

By  hybridization  of  magnetic  nanoparticle,  MnMEIO  with  radioisotope  (124 1),  we  could 
successfully  perform  the  dual  modal  nanoprobe  for  PET  and  MRI  imaging.  Because  PET 
radionuclide  I  can  be  directly  conjugated  to  tyrosine  in  serum  albumin  (SA),  SA 
coated  MnMEIO  is  an  efficient  platform  for  formation  of  PET/MRI  hybrid  nanoprobes. 
(Figure  5a)  Figure  5  depicts  in  vivo  PET,  MR,  and  PET/MR  fusion  images  of  SLN  of 
Sprague-Dawley  rats  after  124I-SA-MnMEIO  nanoprobes  (320  pg  (Fe)/  kg,  124I  activity: 
100  pCi)  were  injected  to  the  right  forepaw  (injection  site:  I),  In  the  coronal  view  of 
PET  (Figure  5b),  brachial  lymph  node,  which  is  the  first  SLN,  is  clearly  visualized  as 
red  hot  spots  after  administration  of  I-SA-MnMEIO  probes.  Similarly,  black  spot  is 
also  observed  by  MR  imaging  (white  arrow,  Figure  5c)  and  the  position  of  brachial 
lymph  nodes  is  perfectly  matched  in  PET/MR  fusion  image  (figure  5d) 


Figure  5.  (a)  Dual  modal  PET-MRI  probe  and  schematics  of  lymph  node  imaging, 
(b)  MRI,  (c)  PET,  (d)  PET-MRI  fusion  image  of  dual  probe  injected  mouse.  (I:  injection 
site) 


5.  Pay-off 


This  year  project  is  for  the  demonstration  of  prototype  convergence  nanoparticles  so 
these  successful  results  can  make  possible  to  develop  advanced  convergence 
nanosystems  for  on  going  projects  (2008-2009).  As  we  described  in  previous  section, 
convergence  nanoparticle  can  be  utilized  for  the  multi-modal  imaging  because  of  their 
integrated  properties,  which  can  enhance  the  diagnostic  accuracy  and  detection 
sensitivity.  In  addition,  our  convergence  nanoparticle  system  also  can  be  potentially 
further  applied  to  have  abilities  such  as  sensing,  information,  navigation,  and  actuation 
in  a  single  nanosystem  and  therefore  can  revolutionize  current  biomedical  sciences  and 
techniques  including  biosensor,  cell  trafficking,  and  cancer  diagnosis.  For  example, 
convergence  nanoparticle  made  by  combination  of  magnetic  nanoparticle  mentioned  in 
previous  session,  which  has  MR  contrasting  effect  and  heat  generating  ability,  and 
fluorescent  dye  can  be  utilized  as  a  simultaneous  ultra  sensitive  diagnostic  probe  and 
disease  treatment  agent. 
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6.  Summary 


As  a  first  stage  in  three  year  project  for  the  development  of  convergence 
nanoparticles  for  multi-modal  biological  imaging,  we  successfully  demonstrate  the 
basic  concepts  for  the  formation  of  convergence  nanoparticles  and  also  find  out  their 
capability  for  the  biological  imaging.  In  this  project,  firstly,  (1)  we  focused  on  the  study 
of  multi-functionality  including  MR  contrasting  ability  and  therapeutic  ability  of 
MnMEIO  nanoparticles.  (2)  Then,  based  on  the  magnetic  nanoparticles,  we  fabricate 
prototype  convergence  nanoparticles,  Co@Pt-Au  nanoparticles  (epitaxial  growth)  and 
MnMEIO-radioisotope  (hybridization  using  molecular  linker).  (3)  With  developed 
nanoparticles,  we  also  perform  the  feasibility  test  for  the  detection  of  the  biological 
event,  A(3  assemble  and  lymph  node. 

Based  on  these  results,  we  will  further  investigate  for  the  development  of  advanced 
convergence  nanoparticles  for  the  fault  free  diagnosis  of  disease. 
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A.  SENIOR  PERSONNEL: 

$  24,000 

B.  OTHER  PERSONNEL 

$  12,000 

Jinwoo  Cheon  :  $  2,000  *  12  month  = 

$  24,000 

B.  OTHER  PERSONNEL 

$  12,000 

Jae-Hyun  Lee:  $  1,000  *  6  =  $  6,000 

Jin-sil  Choi:  $  1 ,000  *  6  =  $  6,000 

D.  EQUIPMENT 

$  0 

D.  EQUIPMENT 

$  0 

E.  TRAVEL 

$  3,000 

E.  TRAVEL 

$  3,000 

MRS,  Boston 

Jin-sil  Choi: 

Airfare:  $  1,800  +  Travel  Cost:  $1,200 

=  $  3,000 

F.  TUITION  REF  2.12.13 

$  0 

F.  TUITION  REF  2.12.13 

$  0 

G.  OTHER  DIRECT  COSTS 

$  56,200 

G.  OTHER  DIRECT  COSTS 

$  3,200 

1.  SUPPLIES/MATERIALS 

$  13,250 

1.  SUPPLIES/MATERIALS 

$  13,250 

*  See  the  detailed  materials  sheet. 

2.  COMM’ S/SHIPPING 

$  1,000 

2.  Utility 

$1,000 

3.  OTHER 

$  3,000 

telecommunication  $50  *  12  = 

$600 

office  supplies 

$1400 

copies 

$1000 

J.  TOTAL  DIRECT  EXPENSES  AND  FACILITIES 

J.  TOTAL  DIRECT  EXPENSES  AND  FACILITIES  AND 

AND  ADMINISTRATION  EXPENSES 

ADMINISTRATION  EXPENSES 

Overhead  $18,750 

Overhead  $18,750 

Total:  $75,000 

Total:  $75,000 
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*  Detailed  materials  sheet 

Item 

Unit  price  ($) 

Amount 

T< 

Iron  pentacarbonyl  (Strem  26-2800,  250  g) 

30.00 

15 

150.00 

Dicobalt  octacarbonyl  (Fluka  60811,  25g  ) 

200.00 

10 

2000.00 

Platinum  acetylacetonate  (Aldrich  282782,  5g) 

500.00 

5 

2500.00 

Potassium  tetrachloroaurate  (Riedel  12526,  5g) 

500.00 

5 

2500.00 

Oleylamine  (Aldrich  07805,  500g) 

130.00 

10 

1300.00 

Oleic  acid  (Sigma  01383,  25  g) 

150.00 

10 

1500.00 

Sephadex  G-25(Sigma  S5772,  25g) 

180.00 

5 

900.00 

TBE  buffer  (Sigma  T4415,  lOx,  20  L) 

230.00 

2 

460.00 

m2c2h 

165.00 

10 

1650.00 

1 ,2-Hexadecanediol,  Tech  (Aldrich  213748,  50g) 

132.0 

1 

132.00 

Iron(III)  acetylacetonate  (Aldrich  5 1 7003,  50g) 

158.0 

1 

158.00 
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N  a  riu  particle  assists il  magnetic  resonant:*.3  Imaging  of  the  early  reversible 
stages  of  amyloid  ft  self-assembly t 
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t  o’ht  EH-  An  nano  particle*,  *Tikli  hm*  enhanced  JiLa^neliwn  and 
sla  hi  lily  in  aqueous  medi  a.  me  u  I  ilked  in  ctoijuncliun  »i  III 
%IR[  til  mu  nil  or  I  he-  s1.rucliir.aj  nuhiliun  of  Ap  a-.se-iu  lilies, 
especially  A|1  | lt •: 1 1 •: 1 1 i  I ud  b-.  hi  the-  early  retosiliJe  sl^es. 

Self- assembly  h  a  term  used  to  de^rribe  thr  spsmla nr*; h us  and. 
nifcmncleculjLT  fdrcetdiivim  organization  of  components  into 
ortkrird  structures.  Processes  of  thn  type  play  Crunal  roles  m 
ce  U  uii  r  functnins ,  and  m  the  oc :-n Lt  la.' I □  •: :-i i  ol'  IiieIkt  level 
Structures,  .-; udi  a S  lipid  bibyeTS  in  cell  membranes,  double 
lie  bo  d  UNA.  and  protnnJ  m  qualerruiy  .-;  L rue  Lure.-; }  Ln  pjr  li 
cuIit,  irifaSSembly  of  thr  amyloid  p  (Afi)  peptide,  leading,  to 
malfunction  the  neural  system,  n  a  .known  pathogenic 
process  in  ALchermer's  diane.2  Recently,  Au  nanopartrrles 
have  teen  siUd-ufully  employed  for  the  highly  Sensitive 
detection  ol  Afi  nsembsrs  in  optical  sera  mg  or  bio  bar  code 
systHns.1 

En  a  magnetr.-  resonance  imaging  (  HRtJ  bared  sensing 
ayS  Lem ,  advantage  is  taken  of  the  bet  that  the  jn.'Kinbly  of 
magnetic  nanopar  bcles  m  aqueous  solution  leads  to  a  change 
in  the  proton  nuclear  flpan-span  rebjiation  time  (T2)  of  water 
ra -id  edits.  ^  Con*qurnlly,  wliriL  used  aa  probes  for  dynamic 
biological  phenomena,  A  72  values  serve  aa  indicators  of  not 
only  the  switching  of  imgrurbc  nanojnrbcks  belweoi  dis¬ 
persed  and  Sinembled  stales ,  but  aho  the  degree  of  anembly 
of  target  moJecubs.  En  Order  !■::■  mammur  M  RE  signal  enhan¬ 
cing  effects ,  nanoparti Cfcs  with,  atrong  magnetron  are  demi* 
able.'  Although ferrom^gnetx1  metals,  suChaa  Ee,  tli\  and  Ni, 
poreieTH  stronger  magnetic  momenta  than  that  of  currently 
widely  li-sed  lion  oxide  nanopa  Tildes,  they  canrsit  he  directly 
used  for  ho  oh  w;  rad  applications  due  to  their  high  reactivity  in 
aqueoua  enviromrenta  .*  En  thn  study,  we  hate  developed 
highly  stable  ibe-lal-based  heleKKiuner  nanoparticks,  winch 
liave  both  large  magnetic  moments  and  high  cohoiia]  stability . 
We  have  used  them  m  probes  for  direct  MRE  observation  of 
A.  p>  ixisembks  at  early  stages  of  Llie  prog irai we  assembly . 

The  heteKidimeT  narunpaiticbs,  conaiabng  of  a  Co  magnetic 
COre  and  a  Pi  shell  that  n  directly  fused  to  an  Au  narwparbcif 
*h'ig  Ita^  are  prepared  froni  CiO^LlRl  nanopartarles.^  Au  ia 


13  Hepajiftimr  &/  Ounmiry,  kVvauj  tfjz  nr  my,  Seaai ,  i2tX  74$,  Kaeta. 

^.  v.'IlUJ  fiiktijn  j&.yvfRMi  acl k/ 

"D /par mum  ,LLih>.l-:-f l1  Naiiaxal  t'jsns.js  -CeKiJS,  Gay&ng, 

4ifi-?A9.  Kan* 

t  Electranic^ujTpienien'bry'inibirniiiari  >;ESIj  rviriatile  ELijk  none  mil 
deUA;  on  the  iLtinulm  of  Co^Pl  Au,  canju^tun  of  Au 

wrlh  NIV,  jiiipiTi'AiTi  ai  AfW-  mhitiorK  rrid  di-u.-CKm  tuv  of  A ha 
unde  r  dinned  condriniK  See  DOT  ]0.]0J9.ilfiOJaS4j 


then  depmted  on  tlie  ChpI'u!  EH  miuKpsrticle^  rij  hydKigfnation 
of  AuOj^PFh-,)  hy  purging  with  a  4%  H^/Ar  icniturie.11  The 
CfifuiPt-Au  nanoparbde^  o>btamed  in  tlm  irHimer  have  a 
heleTfpdjmer  sbuctune  of  loughly  1  5  nm,  compoaed  of  6  nm 
Cj(p:'g!  Pi  and  9  nm  Au  (P*ig.  lfb)y  The  meas  ured  Izre-centere-d 
cuhor  *1 1 3|  lattice  distances  of  the  EH  shdl  and  Au  deposition 
are  2.2  and  2.4  A  respectively,  which  air  COrudatenl  with 
ln«iwn  values'1  (E'ig.  1(d)).  tlcm  energy  dispersiw  K  ray 
ipectrOf^opC  (E'.US?  analysis,  ninrpoaib^^ial  chaugei  cone- 
guiding  to  the  EH  (shdl),  C.'o  (COre)  and  AuClearly  ocmJirm  the 
formation  of  CoihJPl-Au  naruiparticliei  (Pig.  1(d)).  CofnjEH 
and  CoTkIPI-Au  nanoparbclet  psaieai  almost  identacal 


i  (*)  Schematic  of  C.o  j.:T^  Au  nmaparicle  nntheco  (h) 
Ttitiivtit i'uiOTi  eleciiun  microflccipy  -T f:M !  ciuge  of  to Au  (cj 
Compiraon  of  magnet  rut  ion  per  mm  of  mignelic  component  of 
Co^Pt--Au  (Cb:.  4  nm ;  mue  scud  hue)  noth  4  rtm-Aired  non  ooide  ■;  red 
dished  in).  High  resou irion  T  f.K-1  OIRTEMl  rmiges  md  compos.- 
lion  Jirii^ycs  of  (d)  Co^Pt  Au  and  (je)  Co^Pl  at  different  spot 
pofirtions  of  nuiopiiticS«  ucmg  EDS  (Q i  + ,  Pi  A,  Au  #  ). 
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Kq-  y  Co  ^Pi  An  NTV  nanopulide  mduoed  ny  A|l^ 

assembles  (i)  TEM  aid  magnified  TCM  ".miges  fimelj  show  pro- 
fiesCTve  smtluri.  changes  ■:>:  nanopailiide  assemb  res,  depending  on 
Fl -hi  concenSmsan  (0,  0.6,  5  And  SO  yM  |  >;'h  j  DLS  dilA  jjso  shon  ■Qie 
me  iihui  of  CoS  Pi  An  "NTV  Afi^,  issem  fines  as  ihe  AH^  can¬ 
cer  tat  >rin  m  crease; 

rhangeu  Liking  pber  at  l2ir  early  kLs  imh  oJ' ok  Annbl*;^  nicludm  c 
pujUtdlbrila.  On  Lhr  oCher  hand,  at  Ap^j  ofncmlr all <  he  -uver 
IQ  jiM,  the  MRE  iHpwLip lo  Ihr  Ap®  pntciraa  a  nil  as  bigei 
Early  sLige  pa-^vkjJllsrih,  wilJi  0ffA£  JY  dun^i,  art  in  & 
irvmubleiirtalr.  Eof  eiinipdr,pr^rfiln-:bihaiBir  pr^uimd  at 
A  p®  ctniceiiljs  Lxhi:i  around.  5  jiM  irwrsibly  daniseniblr. 
tbdy  dirpriHed  CwfiJIH-Au,  ( J iydi ■: >lyn a i n> .■  ^20  inn) 

im  obierved  when  Lite  ]T ■:■!■::■  I i  h-n  E  are  diluted  loCl.l  jiM  (Ap^q) 
and  kept  ftkr  4  d  (E&I  T).  Ln  ohiItb  L,  librilfi  CTiaTalJtrd  at  SO  pM 
(A  pun)  nnsnlain  litdir  lmcnm-^iHd  ir  rev  idar  aggress  ft  it  in 
<■■.■  i L 1 1 >: :■  ii L  a  ragnilkani  change  in  then  sizr  -whan  dil  ulrd.  Sure  il 
is  possible  L<>  leverae  and  irlard  Ihr  A  p  assembly  proems,  Lhr 
ability  Lo  detect  Ap  assemblies  m  then  Tcvsrrfiiblr  stages  is 
imp^Hlaut  in  llir  Cftnlrit  <\i  Alrfusmer^  disease  liralment.11 

[n  suinna^  we  juror  demtiisLra  kd  Oat  Ctifk|h.-Aii.  ihtio- 
parliir;  UuiL  Juw  mlnnced  magnetic  pmjmlm  and  IngJi  CoBm- 
dal  slabibly  can  Ik  u.«d  m  conjuncthai  wiLh  MR  E  1o  jmiutsxr  try 
structural  Ap  ixsembhes.  Hit  e*.cepbcbual,  dramatic 

r-haiiMi  that  b  ke  place  in  M  R  signals  during  A  p  amembly  enable 
dir  ckteclxni  A p  jx ■: Ac :■  I i  In  h  in  du  early  leveriible  :-;l_i lm .  This 
a  an  imp;  riant  finding  Iwea  lec  nibim  jLk  ii  d'  dm  lypr  o:iild  be 


used  m  a  duerapruijc  ajpmdrK  Ut  AMiarner'ii  damse  dial 
mi,s>hrs  dir  irvmnHr  dbflnueinljy  Ap  prfflolibnb.  E’urdirT- 
mcHK ,  dir  ns^gia-ljf  narutparbcle  aisfled  M  RE  ddrcb<n  h  wdein 
inuld  he  appbfd  m  a  *TLfrtrw  p-cibe  <£  ]¥deni  ,;d  I 
including  pram,  a-Mynirkm  and  E I  mi  Ini  ytm . 

We  diani  Dr  ¥ .-W.  Jun  fur  his  lie  Iphil  dacirEiKKru  and  M.-y. 
Kim  Jin  hn  graphxa  woTk.  Tim  vtivili  e  h  iqipor  Led  hi  ]utL  b,1 
NRL  (ROA-2atki-aaa.]a255Ju  NCl  Cenirr  fin  CanfeT  Nan*. 
tecImokMy  EbcrSmcr,  AOAR.D  (FA4$$WCKM -M-l^  Nt'Ht: 
<R]5t3QM  024^0000  Ok  Nkno/feo  SoenCr  A  Teehiw'diNgy 
Pr^graro  (M  ]  05030002]  ^  0  5MQ  H(J  2  IS  KJ),  dr  KRt  Fun- 
•damenLa]  ^mne  A  TethnciJiBy  (2^3003^-259),  dir  BEL  2] 
Project  and  Srwu]  ScrniSf  FeLDmAeiliip. 
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Imaging  Probe 


Angemmdte. 

Cbfrniti 


DC  1 :  1 0.1 0]  l!,1  an  ie.2QQ-3Q  1  itS 


A  Hybrid  Na  nop  article  Probe  lor  Dual-Modality  Positron  Emission 
Tomography  and  Magnetic  Resonance  Imaging191* [**] 

Jin-sii  Choi ,  Jeong  Chan  Park ,  Hyumoo  Nah,  Seungiae  Woo,  Ji&in  Oh,  Kyeong  Min  Kim, 
Gi  Jeong  Cheon,  Chang,  Jeongsoo  Yoo,*  and  Jin  woo  Che  on  * 


As  did  accurate  m  3  ay  my  of  hiofogfcal  tar£ets  becomes  an 
33icreasmyly  n i □  ] rl Jd □  l I  kxd  for  imderslaibdmy  Iuhc  Welogioii 
phenomena  Hid  l(j  fault*  Iree  chuipuxas  ol  various  diieasdi,1^ 
cu.rre3Lt  angle-modality  Iflfcfefirig  suelkxLs  lend  to  Ik  inad- 

dqfUatd.  ThdrdfOfd,  muJtimodal  33Qajfl3LJJ  '.JUL  l>e  U3L  c-CMlLlu] 

IcxJ  k  state  ol  die  a  rt  i3iiaip3Ly  r^eardL  laid  also  Standard 
]>jactice  Jrt  lie  By  «smli:iuLjj  dual*  nid  tri]de- 

iDsxLzdily  methods,  many  dutftttomiilgg  llLat  me  presesil  lor 
smyle  - 3 1 >: > J_a  1 1  y  imaging  methods  ‘.hi  Ve  OVdfOOme.  Rtf 
dJUmijrid,  did  SBI3  Ll]la3ieOLLS  LLSd  of  positron  emission  tomog* 
faphy  (ifT),  tint  its  luyhly  senat n-e  fturilooil  nnaymy .  and. 
computed  kiuoifrjqdLy  {CT),  for  :ts  ability  to  provide  deal 
anatosnical  mloniialxHL,  lur.  lKdn  dementi  tmled  lor  did  daily 
detddroL  ol  canoer.|atJ  Several  ■"■::■] i ]1:>] 3 Lai 3 'SOL';  of  imaging 

3i3dl]L.:>ls  widt  djllereut  3i>:>lal3l3dsl  s udL  an  3iiay3Lel>:-  160* 
nance  {  ME0*q>1icai]|:£|  and  F  t'lViida  r-ml  rared  litiOfdS- 

edited  {MRF),1^  ne  possible.  RdCen%  Hid  development  Of  a 
diLa]-3i3>:>±a]3ly  diagnostic  JrtStftMUAt  for  PETMK.  imaging 
(him)  lLas  Ik dn  deicKMLstrated.1^ 
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f  |  lhese  auaho  s  eontf  huied  equally  io  tu  work. 

[**]  lhi  vwk  *as  pan  ally  aupponedhy She  KHh  iMQbHHLi  Base 
fle«ajdh  P^onenon  hun-d)  (KftP-200f-4ai-HBI«).  KfiSE  F  (RIS- 
NHL  tHCA-lOOWMO-lffiSS),  tGARU  (bA4i&9- 
Qtl4QR]r  Nam/Bto  P^'an  (MlttMMClS-OJ  MOj 05-21110), 
ihe  Ko  ea  Hesea'eh  Councl  of  hu^danen  J  Sc  ence  k  TKhr>dd^ 
NCl  Cener  for  Caxe  Nanoiechidd^  bmellence  and  fie  HK21 
ptrogram  oT  chen  -337  a  nd  ned  cal  college  Piodyclsofi  of  ’*  I  wai 
supported  pan  ally  by  f^eQLIHI  p^eci  of  MOST  and  KOSbK 
H*|l  Su  ppo  n  ng  «n  farm  at  on  for  ih  s  ancle  d  j^a  lable  on  fie  WWW 
under  hti^i.f/djidoujOJ^ilO.lOOEya  n  eJOGMUta. 


Ll  iidjdjl303L  to  did  instrmcieiLlad  advance  Of  dw  dia£il<dtk: 
hardware,  duttewb|Miafllt  id  Aa ptNPfadfi  k  a 
pii^f^ttldtd  for  siicx^sslid  midliiCKxLal  daayiuKtlKZL111  tju-ail- 
tutu  dots  hfVd  fefdtl  lalKIrid  wAfi  radxHHotc^KH  Of 
luaifiidbc  3d  dial  3>::'3ls  to  serw  us  NlRRteol  dinJuixxLdlly 
S-u^Kf |5or ain ajiidta c:  irol  nxxle  {SFLCJ)  ilbiUkjmt- 
(Idas  luivabadA  labddvtt  HuttfdaoaAtdyaa  for  Mft/ogrtkal 

duu]-3i3<:>djil3ly  nnu£i3L£.|lbfl  'Hid  kPJG  nmuqimtide  osoq  lii^j  \e>± 
with  wt:u  aiid  fbor^OMt  dyd  M  a  new  duss  of  trad  odd  pro 1m 
ddiixHLst rated  tor  laacn^haye  detedxm  m  adier^ur- 
olic  plaque  by  <indn£  Pt'IVC.'l'  nisui^DLg  ill  OOmpAriorl  to 
MRLW 

He  r-niL,  we  fdpOPt  a  mgridtk^UilO^rtkid^luidd  Ft'l 7 
MR]  probe  md  du  evahtatbn  ol  its  dUedivorK^  m  an  In  vivo 
duul-iaoduhly  ld^iil£  aQ.dHl_  N<HuiLva»ve  anuyuLi;  and  dkKO 
disDeiudona]  knuoip-jqJLy  are  ai3]>::-rlu3Ll  sdvanlagei  of  PET 
and  MKlJ'1  ]nF%ltrd  ] ,  die  nuay ni£  dLarucK  nslacs  ol  MK  and 


Fifura  f.  Com  pa  rson  of  -spai  al  'e-sdui  on  of  aj  M  HI  a  nd  b)  Pb  1 
ledin  qje-s  will  a  Ue'enzo  phamom  (c  ■dedanews  of  1J;  l  A  24, 

J  Z  4  0  a  nd  4  i  mm),  vJn  ch  conia  ns  lire  com  rai'  agents  MnM  E  A 
C30ji£mL-'  |  M  n  ■  F^)andIHl  $S  jiCifnL"  ');  yellow  cmcHk  vmm 
(oontfol).  MfiMitO—  Mn-doped  majne:  smenj  nee^d  on  o:<de. 

PET  He  QMtifaptd  by  using,  a  Derauu  pbantom  lilol  with  a 
so]ll13^:'3l  Of  csHLlrast  a£<±udL  El  Hid  MR  n na&e,  al  ordus 
ranging  Ikmd  1.2  to  A.%  mm  m  dauiPdKr  ne  well  rewdved 
(Rpfdli)  and  A  k  ]xm3Uri  to  £0  IlltUlut  dOlM  to  a 
resolution  of  25(1-  jura  {see  die  ^uppofdng  Mormadon, 
F{£ure  £1).  On  die  odier  hand,  die  PET  hnag*  shows 
relatively  poor  spatial  resoliMkii  aiidonly  dtdm  larfer  dwi 
2J  slim  in  diameter  are  solved  i  Fg  u.re  1  b't 

Aldiouglt  die  MR  probe  pmvliks  tKtter  s]>aha]  resi^ 
don,  in  ter  ns  of  semidvAy  the  PET  probe  shows  an  enhanced 
oovitrast  efleot,  widi  pibogram^oale  senddvAy  csxmpred  to 
die  3tad crugra ita^aca I e  seiidtn'Ay  of  did  MR  prrobe  {see 
below  yiB*  ‘ltd  re  fore ,  CHuUadat  dw  merils  of  dw  individiLii 
inaa£in£  bdulquu  doouglL  a  smyK  hybrid  probe  would 
make  Pt'I  .  MR  dual  inodalAy  an  ideal  candidate  for  a  variety 
of  biolo&ioal  studies.  Wt  diose  die  Krtindl  iyvijfb  nodd  {SLH'l 
as  a  moM  biologicii  subject.  The  dymphabo  system  is  an 


Aii^bk  C.'wm.  All  £4  teed,  4'.  ■ilSn'-tjt: 


C  mwy-VCrt  Cr-trii  Co  FiCjA,  WartMiri 
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